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Description 

FIELD OF THE INVENTION 

s This invention relates to a reagent for endotoxin assay, a kit for endotoxin assay, a method for endotoxin assay, a 

carrier for pretreating samples, a method for inhibiting activation of factor G and a factor G activation inhibitor, in which 
a llmulus amebocyte lysate reagent is used. 

BACKGROUND OF THE INVENTION 

10 

A method for assaying endotoxin (hereinafter referred to as 'Et') using a limutus amebocyte lysate (hereinafter 
simply referred to as 'lysate') is well known as a Irmulus test. The assay comprising the reaction of the tysate is called 
a limulus reaction. A limulus test has so high sensitivity that is widely emptoyed in pyrogen check of drugs and water, 
diagnostic use, and the like. The limutus test is based on coagulation of a lysate in the presence of a trace annount of 

IS endotoxin. The latest bk)chemical study has elucidated the fact that the limulus reaction is composed of stepwise 
activation of several coagulation factors (J. Protein Chem., 5. 255-268 (1986)). 

The limulus reaction is illustrated below with respect to a lysate from Tachypleus tridentatus by referring to FIG. 
1. On endotoxin addition to a lysate, factor C (an endotoxin-sensitive factor; molecular weight: 123,000) in the lysate 
is activated. The activated factor C limitedly hydrolyzes factor B (molecular weight: 64.000) at a specific site to produce 

so activated factor B. The activated factor B activates proclotting enzyme (molecular weight: 54,000) to convert into clotting 
enzyme. The clotting enzyme limitedly hydrolyzes coagulogen (coagulant protein; molecular weight: 19,723) at the 
specific sites in the loop crosslinked by a disulfide linkage, i.e., intermediate between ...Arg""® and Thr^®... and inter- 
mediate between ...Arg^ and G!y^7 to release peptide C (28 amino acid residues) represented by H-Thr^^ Arg^- 

OH while converting the remaining part into coagulin gel. Thus, the limulus reaction is composed of a series of reactions 

2S (cascade reaction caused by endotoxin is hereinafter referred to as factor C system reaction). 

The alx>ve-mentioned cascade reaction of a lysate is induced by not only endotoxin but also a (1— >3)-p-D-glucan 
(hereinafter simply referred to as a p-glucan). That is, factor G (a p-glucan-sensitive factor) in FIG. 1 is activated by a 
p-glucan, the activated factor G converts proclotting enzyme into clotting enzyme, and clotting enzyme acts on coag- 
ulogen to produce coagulin gel in the same manner of endotoxin as described above (cascade reactk>n caused by a 

30 p-glucan Is hereinafter referred to as factor G system reaction). 

The cbtting enzyme produced through the cascade reaction Is also capable of hydrolyzing an amide linkage of a 
synthette peptide substrate separately added to the reaction system, such as t-butoxycarbonyl-leucyl-glycyl-arginine- 
paranltroanilide (Boc-Leu-Gly-Arg-pNA) to release paranrtroaniline. Accordingly, endotoxin or the p-glucan can be 
quantitatively determined by measuring the absorbance of the thus released paranitroaniline. 

3S Since the generally used lysate contains components concerned in both factor C and factor G system reactions, 

its use for assaying endotoxin In a sample sometimes entails inaccurate result due to progress of the factor G system 
reaction triggered by p-glucan possibly contained in the sample. 

Thus, the llmulus test was proved non-specific for the endotoxin assay, and a number of attempts have been made 
to develop a method for endotoxin-specific assay. For example, a method has been reported in which endotoxin-specific 

40 assay is effected by using a lysate fraction which contains only the factor C system reaction-related components (Oba- 
yashi T etaL, Clin. Chim. Acta, J49. 55-65 (1985)). 

However, this method requires extremely complicated operatk^ns for preparing a factor G^ree system, including 
fractionation of a lysate by affinity chromatography using an affinity carrier having immobilized thereon dextran sulfate 
to eliminate the p-glucan-sensltive factor, i.e., factor G, and reconstruction of factor C, factor B and proclotting enzyme 

^ for use in endotoxin-specific assay. 

On the other hand, it Is known that all of these activated factors Involved in the limulus reaction (factor C and factor 
G system reactions) are serine proteases, and the limulus test results in false positive in the presence of other serine 
proteases such as trypsin and thrombin which convert coagulogen into coagulin gel through its limited hydrolysis or 
hydrolyze the above-mentioned synthetic substrate, nevertheless the presence or absence of Et and p-D-glucan 

50 (Harada T. et al, J. Med. EnzymoL, 3, 43-60 (1978)). tn consequence, it is impossible so far to assay endotoxin In 
serine prot ease-containing samples by limulus test. 

SUMMARY OF THE INVENTION 

ss A first object of the present invention is to specifically assay endotoxin in samples using a lysate reagent, by 

avoiding influence of p-glucan sensitive factor (factor G) contained In the lysate and thus based on only the factor C 
system reaction. 

A second object of the present Invention is to accurately assay endotoxin in serine protease-containing samples 
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using a lysato reagent, by excluding false positive reaction through specific inhibition of the activity of serine proteases 

in the samples without inhibiting activity of the activated factors involved in the factor C system reaction in the lysate. 
With the aim of attaining the first object described above, the present inventors have examined substances capable 

of selectively inhibiting the factor G system reaction, namely activation of factor G by p-glucan and/or activity of activated 
s factor G, without inhibiting the factor C system reaction in the lysate. As a result, it was found that, arrtong various 

serine protease inhibitors, an appropriate amount of aprotinin can strongly inhibit the factor G system reaction without 

substantially inhibiting the factor C system reaction. 

Also, with the aim of attaining the second object, the present inventors have examined substances which can 

inhibit serine proteases in samples selectively without Inhibiting the factor C system reaction in the lysate. It was found 
10 as a result that serine proteases in samples can be inhibited selectively without inhibiting the factor C system reaction, 

by carrying out the limulus reaction in the presence of an appropriate amount of aprotinin as one of various serine 

protease inhibitors or by allowing s£umples to contact with an appropriate amount of aprotinin in advance of the reaction. 
We have examined varbus serine protease inhibitors such as -antitrypsin, antithrombin III. oe2-plasmin inhibitor. 

ovomucoid inhibitor, hirudine, gabexate mesylate and the like, in addition to aprotinin. and found that aprotinin alone 
IS can preferentially inhibit the factor G system reaction in the limulus reaction, while other serine protease inhibitors not 

only inactivate serine proteases in samples but simultaneously Inhibits both the factor C system and factor G system 

reactions thereby inhibiting the entire limulus reaction. The present invention has been accomplished by further de* 

veloping these findings. 

The present invention provides a reagent for endotoxin assay which comprises a limulus amebocyte lysate reagent 
^0 and aprotinin. 

The present invention also provides a kit for endotoxin assay which contains a limulus amebocyte lysate reagent 
and a reagent containing aprotinin. 

The present invention further provides a method for endotoxin assay using a limulus amebocyte iysate reagent, 
wherein aprotinin is added to the limulus amebocyte lysate reagent and/or a sample. 
2S Specifically, in the above assay method, aprotinin to be added to the limulus cimebocyte lysate reagent and/or a 

sample is used in an amount effective for inhibiting activatbn of factor G existing in the limulus amebocyte lysate 
reagent. Further, aprotinin is added to the limulus amet)ocyte lysate reagent and/or a serin protease-containing sample 
in an effective anrK>unt for inhibiting the serine protease in the sample. 

The present invention further provides a method for assaying endotoxin in a serine protease-containing sample 
30 using a limulus amebocyte lysate reagent, wherein the sample is allowed to contact with an aprotin in-immobilized 
insoluble carrier in advance of the assay. 

Furthemiore, the present inventksn provkles a method for inhibiting factor G activation which comprises adding 
aprotinin to a limulus amebocyte lysate reagent containing factor G. 

3S BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows mechanism of limulus reaction. Fig. 2 is a graph showing results of Example 1-2) in which calibration 
curves are obtained by plotting absorbance against endotoxin concentration as a function of added amounts of aprotinin 
(- o -: not added, - A 2.0 mg, - □ -: 4.0 mg and - • -: 6.0 mg). 

40 

DETAILED DESCRIPTION OF THE INVENTION 

Aprotinin, also called basic pancreatic trypsin inhibitor, is a basic polypeptide consisting of 58 amino acid reskJues 
and having an isoelectric point of 10.5 extracted from bovine lung, pancreas or parotid gland, which inhibits various 

^ intracellular proteases such as kallikrein, plasmin, trypsin, chymotrypsin and the like. As a pharmaceutical drug, apro- 
tinin is manufactured by Bayer AG under a trade name of Trasyk>l. 

Examples of the limulus amebocyte lysate reagent (hereinafter simply referred to as "lysate reagent') used in the 
present invention include amebocyte extracts prepared from hemolymph of horseshoe crab, such as Limulus 
polyphemus, Tachypleus tridentatus, Tachypieus. gigas, Carcinoscorpius rotundicauda and the like in the usual way 

50 (cf . J. Biochem. . 80. 1 0il -1 021 (1 976)). To these extracts may be added a divalent metal salt which is effective for the 
activation of factor 0, such as hydrohalide (e.g., chloride), sulfate or the like of an alkaline earth metal (e.g, magnesium, 
calcium, strontium or the like), a substrate for the clotting enzyme, such as the above-mentioned synthetic substrate, 
Boc-Leu-Gly-Arg-pNA, and a pH adjusting agent, such as Tris-HCI or the like buffer solution. A commercially available 
lysate reagent can also be used. The lysate reagent may be in any form such as liquid, powder, solid or the like. 

ss According to the present invention, the lysate reagent containing factor G Is preferably used, but those from which 

factor G has been eliminated or in which factor G was inactivated with an inhibitor other than aprotinin may also be used. 

The above-mentioned first object of the present invention can be attained by the endotoxin assay which comprises 
(A) using a reagent prepared by adding aprotinin to a lysate reagent to inactivate factor G system reaction-related 
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components (hereinafter referred to as •aprotlnln-containing lysate reagent" ), (B) adding aprotinin to a sample and 

assaying the sample using a commonly used lysate reagent so that activation of factor G system reaction -related 

components in the lysate reagent can be inhibited, or a combined method of (A) and (B) in which aprotinin is added 

to both the lysate reagent and a sample. 
s In this instance, though the amount of aprotinin necessary for completely inhibiting the factor G system reaction 

depends on the type of the lysate reagent, one skilled in the art would easily determine the appropriate amount by the 

following preliminary experiment. 

With cooling on an ice bath, aprotinin (endotoxin-free) is added to a predetermined amount of the lysate reagent 

in a varied amount, endotoxin-free p-gtucan is added thereto in such an amount that it can fully activate the lysate 
10 reagent under usual measurement conditions and then the reaction is carried out under the usually used conditions. 

Under these conditions, the amount of aprotinin which completely Inhibit activation of the lysate reagent by p-glucan 

is determined. 

Based on the thus determined amount of aprotinin, a suitable amount of aprotinin where the factor C system 
reaction proceeds corresponding to the concentration of endotoxin in a sample is determined. The amount of aprotinin 
IS to be used is approximately from 5 mg to 500 mg per 1 ml of the lysate reagent. 

The above-mentioned second object of the present invention can be attained by the endotoxin assay which com- 
prises (C) allowing aprotinin to react with serine protease in a sample and subsequently allowing the resulting reaction 
mixture to react with the aprotin in-containing lysate reagent, (D) adding aprotinin to a sample in such an amount that 
activity of factor G in the lysate reagent can be inhibited, and allowing the sample to react with a lysate reagent, (E) 
20 adding aprotinin in advance to the lysate reagent in such an amount that factor G in the lysate reagent can be inhibited 
as well as serine protease activity in a sample or (F) allowing a serine protease-containing sample to contact in advance 
with an aprotinin-immobilized insoluble carrier, thereby removing or inactivating the serine protease and subsequently 
assaying the sample thus treated using the lysate reagent. 

It should be noted however that the method (E) can be effected when aprotinin is used within such a range that it 
2S does not inhibit the factor G activity. 

Also, in the case of the methods (0) to (E), Et assay can be made more accurately and simply using the Et-spectfic 
lysate reagent since aprotinin is used in an amount required for inhibiting only serine protease activity and thus the 
factor C system reaction can be controlled more easily, in that case, it is desirable to eliminate the amount of aprotinin 
required for inhibiting factor G from the above-mentioned range of aprotinin amount. The amount may not be reduced 
30 unless the provided amount is effective for endotoxin assay. 

In the case of the methods (C) to (E), the sample may be a serine protease preparation (in other words, the case 
where the presence of Et in the serine protease preparation is determined) or the sample may be contaminated with 
a serine protease. In that case, the amount of aprotinin can be determined in the following manner. 

In a synthetic sutsstrate method, aprotinin having a varied concentration and a sample are added to the limutus 
3S reagent for synthetic substrate method use in which its lysate component is replaced by distilled water, the resulting 
mixture is incubated at 37^0 to effect the usual limulus reaction and then the amount of aprotinin showing the same 
value as that of the blank test is determined, which can be used for assaying the sample. 

In a gelation method or a turtaidity method, aprotinin having a varied concentration and a sample are added to the 
lysate reagent in which factor C and factor G are removed or inactivated and coagulogen is contained, the resulting 
40 mixture is incubated at 37°C to effect the usual limulus reaction and then the amount of aprotinin showing the same 
value as that of the blank test is determined. The Et assay can be carried out by adding the thus determined amount 
of aprotinin to the sample. 

In this instance, the above-mentioned amount of aprotinin is a desired value and therefore can be Increased slightly 
within such a range that it does not affect the endotoxin assay. 

^ Though it depends on the type and amount of serine protease contained in the sample, aprotinin may be used in 

an amount sufficient for completely inhibiting the serine protease contained in the sample and does not substantially 
interfere with the factor C system reaction. Specifically, aprotinin can be added in general in an amount of approximately 
from 1 to 2,000 moles per mole of the protease, or approximately from 300 ^g to 10 mg In a practical manner. 

In consequence, when a sample to be tested contains a serine protease and the lysate reagent contains factor G, 

so the amount of aprotinin is the sum of those required for inhibiting both factor G and serine protease. 

In the case of the method (F), the amount of aprotinin to be immobilized to an insoluble carrier can be determined 
based on the amount of a serine protease contained in each sample and the like factors, but generally within the range 
of from 2 to 100 moles per mole of the serine protease. The insoluble carrier is not particularly limited provided that it 
does not contain Et and can chemically immobilize aprotinin without reducing desired activity. Illustrative examples of 

55 such carriers include polyamide compounds, cellulose compounds, agarose compounds, polyacrylamide compounds, 
dextran compounds, vinyl polymer compounds (porous copolymers with glycidyl methacrylate) and the like. Immobili- 
zation of aprotinin may be effected by usually used means such as a method in which formyl groups are introduced 
into cellulose gel and aprotinin is allowed to bind to the thus treated gel in the presence of NaCNBHs, as well as a 
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diazotization method, a CNBr method, an acid azide method and the like. 

The insoluble carrier can be used in any form. It may be molded to the form of the bead, tip, tube, film and the like. 
Examples of the Insoluble carrier include any commercially available carrier for affinity chromatography such as an 
agarose gel carrier activated by a CNBr method (e.g., Sepharose available from Pharmacia, etc.) and a cellulose carrier 
s having an active group such as formyl groups or caitx>xyl groups (e.g., Formyl-Cellulofine, Carboxyl-Celluloflne, both 
available from Seikagaku Corporation, etc.). 

In the method (F), a serine protease-containing sample is allowed to contact with an aprotin in-immobilized Insoluble 
carrier, and the resulting unabsorbed solution is used in the assay. During this treatment, it is necessary to take special 
precautions to prevent contamination by Et. According to the methods (C) to (E). Et can be simply and rapidly assayed 
10 with minimum danger of contamination of the sample with Et. 

The endotoxin assay methods, such as methods (A) to (E), excluding method (F), can be carried out in the presence 
of aprotinin, for example, by the following methods (i) to (ix). 

(t) A method in which aprotinin is added to amebocyte followed by extraction to serve as an aprotinin-containing 
IS lysate reagent for the Et assay. 

(ii) A method in which aprotinin is added to the extracted lysate to sen/e as an aprotinin-containing lysate reagent 
for the Et assay. 

(iii) A method in which a lyophilized lysate reagent preparation is dissolved in an aprotinin-containing 60lutk>n to 
serve as an aprotinin-containing lysate reagent for the Et assay. 

^ (iv) A method in which aprotinin is added to a lyophilized lysate reagent preparation dissolved in an appropriate 

solution to serve as an aprotinin-containing lysate reagent for the Et assay. 

(v) A method in which a lyophilized preparation, which is prepared by adding aprotinin to ametKcyte followed by 
extraction and lyophilization or adding a necessary amount of aprotinin to a lysate reagent followed by lyophiliza- 
tlon, is dissolved in an appropriate solution to serve as an aprotinin-containing lysate reagent for the Et assay. 

zs (vi) A method in which a lyophilized preparation containing a lysate reagent and a synthetic substrate is dissolved 

in an aprotinin-containing solutk>n or aprotinin is added to a solution prepared by dissolving the lyophilized prep- 
aration in an appropriate solution to serve as an aprotinin-containing lysate reagent for the Et assay, 
(vii) A method in which a reagent, which is prepared by adding a necessary amount of aprotinin to a mixed solution 
of a lysate reagent and a synthetic substrate followed by lyophilizatk>n, is dissolved in an appropriate solution to 

30 serve as an aprotinin-containing lysate reagent for the Et assay 

(viil) A method in which a necessary amount of aprotinin is added to a sample to be tested. 

(ix) A method in which a sample to be tested is added to a lysate reagent, followed by immediately adding aprotinin 

thereto. 



35 In this instance, the method (viil) may be used alone or together with the methods (i) to (vii). 

The solution to be used for dissolving lyophilized preparation in the atx>ve methods (iv), (v), (vi) and (vii) is an 
appropriate buffer capable of stably maintaining components In the lysate reagent involved in factor C system reaction 
and maintaining an optimum pH range (pH 7.0 to 8.5) for a reaction of factor C with endotoxin. Examples of the solution 
include water and a buffer solution capable of maintaining the above pH range which contains a buffer agent such as 

40 Tris(hydroxymethyl)aminomethane, Tris(hydroxymethyl)-aminomethanemaleate, 1 ,4-piperazlnediethanesulfonate, 
morpholinopropanesulfonate, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonate, triethanolamine, imidazole and Tris 
(hydroxymethy I) imidazole. The aprotinin-containing solution used in the above methods (iii) and (vi) is prepared by 
adding a necessary amount of aprotinin to the above-described solution. 

As described above, aprotinin may be used in any optional manner in the Et assay method of the present invention, 

^ ' provided that the factor C system reaction In the lysate reagent can function normally or within a reasonably f unctionable 
range and that quantitative or qualitative assay of Et can be made. 

The endotoxin assay using the reagent of the present invention may be effected in the usual way by determining 
the activity of clotting enzyme formed by its activation through the cascade reaction shown in Fig. 1 . 

For the measurement of amidase activity of the ctotting enzyme, the above-mentioned synthetic peptide substrate 

^ having a chromogenic residue may be used, as well as its anabgous synthetic peptide substrate which has the same 
peptide sequence but the carboxyl group of its C-terminal amino acid is substituted, in place of the above-mentioned 
chromogenic residue, with a known fluorescence residue, a luminescence residue, ammonia or the like via an amide 
bond. The amidase activity is determined by measuring the reaction product formed from the synthetic substrate by 
the action of the clotting enzyme. For example, the above-described synthetic substrate is allowed to coexist with a 

55 reaction system which contains the reagent of the present invention and endotoxin, and a dye, a fluorescent substance 
or ammonia formed by the reaction (cascade reaction and, if necessary, a conversion reaction of the reaction product 
into other dyes) is detected respectively by a spectrophotometer, a fiuorophotometer, a chemi -luminescent detector, 
an ammonia detection electrode (JP-A-62-1 48860; the term 'JP-A" as used herein means an 'unexamined published 
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Japanese patent application) or the like. 

Determination of protease activity of the clotting enzyme may be effected by a method in which the clotting enzyme 
is allowed to react with coagulogen (substrate) which is contained in the reagent of the present invention or added 
separately, and the resulting gelation of coagulin is measured, for example, by an appropriate Instrument such as a 
s turbidity measuring instrument, a viscosity measuring instrument or the like or by the naked eye judgement. 

In the practice of the assay of the present invention, it is necessary to use a divalent metal salt effective tor the 
activation of the above-mentioned cascade reaction system. Examples of such divalent metal salts include hydrohalides 
(chloride) and sulfate of alkaline earth metals such as magnesium, calcium, strontium and the like. 

Though these metal salts can be added independently upon the llmulus reaction, it is desirable to add the divalent 
10 metal salt to the lysate reagent and drying the mixture to solid under a non-heating condition such as lyophilizatton. 
The reagent for use in the measurement of amidase activity may preferably be coexisted with the above-mentioned 
synthetic peptide substrate in addition to the divalent metal salt, whk:h may be further dried. 

The endotoxin assay according to the present invention can be carried out more easily and rapidly by using a kit 
comprising the above-described reagents. The kit of the present inventk>n comprises the lysate reagent and the apro- 
is tinin-containing reagent. The aprotinin-contalning reagent may further comprise a buffer agent as described above. 
Specific example of the kit includes: (1) a tyophilized lysate reagent and a solution for dissolving it in; (2) lyophllized 
aprotinin and a solution for dissolving it in; (3) lyophilized standard endotoxin and a solution for dissolving it in; and (4) 
reagents for synthetic chromogenic substrate method including distilled water for blank test. 

Samples to be tested for the Et assay is not particularly limited, and any sample required for the quantitative 
20 measurement of Et or confirmation of its presence can be used. Examples of such samples include biological samples, 
drugs, water for medical use and the like. As described above, the present invention is especially useful for the assay 
of serine protease-containing samples. 

According to the present invention, types of the serine proteases contained in samples to be tested are not par- 
ticularly limited, provided that their activities are inhibited by aprotinin. Examples of such serine proteases include 
25 kallikrein, plasmin, trypsin, chymotrypsin, thrombin and the like. ^ 

The following examples are provkied to further illustrate the present inventk>n, but are not to be understood to limit 
the scope of the invention. 



Et assay using a reagent prepared by adding aprotinin to a lysate reagent 

1 ) A 1 .0 liter portion of hemolymph of T. tridentatus was centrifuged at 1 ,500 rpm at 4°C for 10 minutes, and about 
21 g of the precipitate (amebocytes) thus obtained was mixed with 210 ml of 0.02 M Tris-HCI buffer (pH 8.0) and 
homogenized uniformly in a homogenizer (Polytron R PT10. the trade name of the product manufactured by Kin- 
ematica) to effect extraction. The resulting homogenate was subjected to centrifugation at 1 0,000 x G for 30 minutes 
under ice-cooling to obtain 190 ml of supernatant (lysate reagent). 

To 0.04 ml of the thus obtained lysate reagent were added 0.04 ml of 0.5 M Tris-HCI/0.4 M magnesium sulfate 
buffer (pH 8.0) containing 0.5, 1.0, 2.0, 4.0 or 6.0 mg of aprotinin and 0.02 ml of 4.0 mM Boc-Leu-Gly-Arg-pNA, 
thereby obtaining an aprotinin-containing lysate reagent (invention). Separately, to 0.04 ml of the lysate reagent 
were added 0.04 ml of 0.5 M Tris-HCI/0.4 M magnesium sulfate buffer (pH 8.0) containing no aprotinin and 0.02 
ml of 4.0 mM Boc-Leu-Gly-Arg-pN A. To each of these was added 0. 1 ml of distilled water (blank, hereinafter referred 
to as "DW") or p-glucan (500 ngfrnl prepared by the method described below) as a sample to be tested. After 
albwing each of the resulting mixtures to react at ST'C for 30 minutes, the thus formed p-nitroaniline was subjected 
to diazo-coupling by adding to the reaction mixture 0.5 ml each of 0.04% sodium nitrite (0.48 M hydrochtoric ackJ 
solution), 0.3% ammonium sulfamate and 0.07% N-1 -naphthylethylenedlam inedihydrochloride In that order. There- 
after, absorbances were measured at 545 nm and the difference between those of each sample and blank was 
regarded as the reactivity The results are shown in Table 1 (the difference is expressed by 'A' in the table and 
also in other tables and figures). 



EXAMPLE 1 



30 



so 



Table 1 



Amount of aprotinin (mg) 



Reactivity (AAs45 nm/30 min) 



55 



0 

0.5 
1.0 
2.0 



>1.5 



0.437 
0.153 
0.000 
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Table 1 (continued) 



Amount of aprotinin (nng) 


Reactivity (AA545 nm/30 min) 


4.0 
6.0 


0.000 
0.000 



As is evident from Table 1 , activation of factor G in the lysate reagent can be inhibited completely when 2.0 
mg or more of aprotinin is added to 0.04 ml of the lysate reagent. 

2) To 0.04 ml of the lysate reagent prepared in the above 1 ) were added 0.04 ml of 0.5 M Trts-HCI/0.4 M magnesium 
sulfate buffer (pH B.O) containing 2.0, 4.0 or6.0 mg of aprotinin, which completely inhibited factor G system reaction 
in the lysate reagent, and 0.02 ml of 4.0 mM Boc-Leu-G ly-Arg-pNA to obtain an aprotin In-containing lysate reagent. 
Separately, to 0.04 ml of the lysate reagent were added 0.04 ml of 0.5 M Tris-HCI/0.4 M magnesium sulfate buffer 
(pH 8.0) containing no aprotinin and 0.02 ml of 4.0 mM Boc-Leu-Gly-Arg-pNA. To each of these was added 0.1 
ml of DW (blank) or Et derived from Escherichia co// 01 11 :B4 (Westphal type, available from Sigma; 6.25, 12.5, 
25.0 or 50.0 pg/ml) as a sample. Thereafter, the reaction was effected in the same manner as described in the 
above 1) to prepare calibration curves of Et. The results are shown in Fig. 2. 

It can be found from Fig. 2 that the reactivity with Et decreases as the amount of added aprotinin increases. 
By the use of these calibration curves, the amount of aprotinin which gives activity of the factor C system reaction 
in the tysate corresponding to the Et concentration in each sample can be selected. 

Further, it is evident that Et assay can be effected using a limulus reagent which is prepared by adding aprotinin 
to a usual lysate reagent without influence of p-glucan. 



Preparation of &-glucan 

The method disclosed in WO90/02951 was followed. One gram of curdtan (available from VU^ko Pure Chemical 
Industries) was suspended in about 100 ml of a 5 mM NaOH aqueous solutk>n and sonicated by Sonicator™ (Model 
5202 PZT, manufactured by Ohtake Seisakusho, Tokyo) at 20 KHz and 80 W for 12 minutes under k;e-coolrng to 
degrade curdlan. The resulting solution was adjusted to give a final NaOH concentratbn of 0.3 M with a 5 M NaOH 
aqueous solution and subjected to a gel permeation chromatography (GPC columns, two TSK gel G3000PWxl and 
one G2500PWxl; mobile phase, 0.3 M NaOH aqueous solution; flow rate, 0.5 ml/min). The resulting fractions were 
pooled and again subjected to the chromatography to collect a fraction of a molecular weight of 216,000, thereby 
obtaining a GPC -fractionation purified p-glucan preparation. 

The thus obtained p-glucan preparation was also used in the folk>wing examples. 



^ EXAMPLE 2 



Et assay using a reagent prepared by adding aprotinin to amebocyte followed by extraction 



A 1.0 liter portion of hemotymph of T. tridentatus }Nas centrifuged at 1,500 rpm at 4"C for 10 minutes and about 
21 g of the resulting precipitate (amebocytes) was mixed with 210 ml of 0.02 M Tris-HCI buffer (pH 8.0) containing 12 
g of aprotinin and uniformly homogenized in Polytron R PT10 to effect extraction. The resulting homogenate was 
subjected to centrifugatbn at 10,000 x G for 30 minutes while cooling to obtain 190 ml of a supematant (aprotinin- 
containing lysate reagent). 

To 0.04 ml of each of the thus obtained aprotinin -containing lysate reagent (invention) and a lysate reagent prepared 
in the same manner but without adding aprotinin (comparison) were added 0.01 ml of 2 M Tris-HCI buffer (pH 8.0), 
0.03 ml of 0.4 M magnesium chloride and 0.02 ml of 3.0 mM Boc-Leu-G ly-Arg-pN A, followed by the addition of 0.1 ml 
of DW (blank), Et or p-glucan as a sample. Further, 0.05 ml each of Et and p-glucan having two-fold concentration 
were added as another sample. Each of the resulting mixtures was incubated at 3T*C for 30 minutes, the reaction was 
terminated with 0.4 ml of 0.8 M acetic acid and then the thus formed p-nitroanillne was determined by measuring 
absorbance at 405 nm to compare reactivities. The results are shown in Table 2. 

From the results, it is evident that Et assay can be effected using an aprotin in-containing lysate reagent prepared 
by adding aprotinin to a limulus hemotymph amebocyte prior to extraction without influence of p-glucan. In other words, 
it was confirmed that the factor G system reaction is substantially inhibited without inhibiting the factor C system reaction 
in the assaying system of the present invention. 
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Table 2 





Reactivity (AA405 nm/30 min) 


Samples 


Invention 


Connparison 


El* 


0.317 


0.344 


P-Glucan** 


0.000 


0.183 


Et + p-glucan 


0.317 


0.526 



* Et concentration : 3.0 pg/O.I ml sample 
p-gluoan concentration: S.O pgfOA ml sample 



EXAMPLE 3 

Et assay using a reagent prepared by dissolving a lyophilized ly^te reagent in an aprotinin-containing solution 

One vial portion of "Pyrotel-T" (a lyophilized preparation of a lysate reagent prepared from L. polyphemus for a 
gelation method use, manufactured by Capecod and available from Seikagaku Corporation) was dissolved in 5.0 ml 
of DW in which 270 mg of aprotinin had been dissolved in advance (invention). Another one vial portion of the lyophilized 
limulus reagent preparation was dissolved in 5.0 ml of DW containing no aprotinin (comparison). A 0.1 ml aliquot of 
these solutions was dispensed in 0.1 ml portions into test tubes, followed by addition of 0. 1 ml of DW (blank). Et or p- 
glucan as a sample. Further, 0.05 ml each of Et and p-glucan both having two-fold concentration were added as another 
sample. After gently mixing the reactkx) mixture, each test tube was arranged on an analysis module attached to a 
nephelometric analyzer (Toxinometer ET-201 , available from Wako Pure Chemical Industries) and incubated at 37**C 
for 60 minutes to record gelation time (Tg) and thereby to examine reactivity of the reagent of the present invention. 
The results are shown in Table 3. 

From the results, it is evkjent that Et assay can be effected by adding aprotinin to a commercially available lyophi- 
lized lysate reagent (gelation method limulus test reagent) prior to the addition of samples without influence of p-glucan. 



Table 3 





Reactivity (Tg, min) 


Sample 


Invention 


Comparison 


DW (blank) 


>60 


>60 


Ef 


33.5 


29.7 


p-Glucan" 


>60 


32.3 


Et + p>glucan 


33.3 


19.6 



* Et oonoentration : 2.0 pg/0.1 mt sample 

** ^glucan concentration: 40.0 pg/O.I ml sample 

40 

EXAMPLE 4 



Et assay using a reagent prepared by dissolving a lyophilized preparatk^n containing a lysate reagent and a synthetic 
substrate in an aprotinin-containing solution 

45 

One vial portion of "Toxicolor System LS-200 Set" (a lyophilized preparation containing a lysate reagent prepared 
from T. tridentatus and Boc-Leu-Gly-Arg-pNA for chromogenic synthetic substrate method use, manufactured by and 
available from Seikagaku Corporation) was dissolved in 2.8 ml of 0.2 M Tris-HCI buffer (pH 8.0) In which 140 mg of 
aprotinin had been dissolved in advance to obtain a reagent of the present invention. Another one vial portion of the 
so lyophilized preparation was dissolved in 2.8 ml of 0.2 M Tris-l-tCI buffer (pH 8.0) containing no aprotinin to serve as a 
comparative reagent. To 0.1 ml of each of these solutions was added 0.1 ml of DW (blank), Et or p-glucan as a sample 
to be tested. Further, 0.05 ml each of Et and p-glucan both having two-fold concentration were added as another 
sample. Each of these mixtures was allowed to react in the same manner as described in Example 1-1) to evaluate 
reactivity of the reagent of the present invention. The results are shown in Table 4. 

55 
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Table 4 





Reactivity (AA545 nm/30 min) 


Sample 


Invention 


Comparison 


Et* 


0.863 


0.891 


p-Glucan** 


0.000 


>1.5 


Et + p-glucan 


0.863 


>1.5 



* Eteonoentration : 5.0 ml sample 
P-glucan oonoentration: 60.0 ng/0.1 ml sample 



From the results, it is evident that Et assay can be effected by adding aprotinin to a commercially available chro- 
mogenic synthetic substrate method limulus test reagent (lyophilized preparation) prior to the addition of sample without 
influence of p-glucan. 

EXAMPLE 5 

Et assay using a reagent prepared by adding aprotinin to antebocyte followed by extraction, lyophilizing the mixture 
and dissolving it in a solution 

A 2.0 ml portion of an aprotinin-containing lysate reagent prepared by adding aprotinin to amebocyte prior to 
extraction in the same manner as in Example 2 was mixed with 0.4 ml of 0.4 M magnesium chloride followed by 
lyophilization to obtain a reagent for Et assay of the present invention. Also, 2.0 ml of an aprotinin-f ree lysate reagent 
prepared in the same manner as in Example 1-1) was mixed with 0.4 ml of 0.4 M magnesium chloride followed by 
lyophilization to obtain a comparative reagent Each of the thus lyophilized preparations was dissolved In 2.0 ml of 
DW. To 0.1 ml of each of these solutions was added 0.1 ml of DW (blank), Et or p-glucan as a sample. After gentle 
mixing, the mixture was statically incubated at ST'C for 60 minutes and then the presence of gel formation was judged 
by the naked eye by slanting the tube at an angle of 180** to evaluate reactivity of the reagent of the present invention. 
The results are shown In Table 5. In the table, means gel formation and means no gel formation. 



Tables 





Reactivity 


Sample 


Invention 


Comparison 


DW (blank) 






Et* 


+ 


+ 


p-Glucan" 




+ 



* Et concentration : 4.0 pg/0.1 ml sample 

** p-glucan concentration: 40.0 ng/O.I ml sample 



From the results, it is evident that Et assay can be effected by lyophitizing an aprotinin -containing lysate reagent 
prepared by adding aprotinin to amelx>cyte prior to extraction without influence of p-glucan. 

45 EXAMPLE 6 

Et assay using a reagent prepared by dissolving in a solution a lyophilized preparation containing a lysate reagent, a 
synthetic substrate and aprotinin 

so Mixed were 2.0 ml of the aprotinln-free lysate reagent obtained in Example 1-1), 0.9 ml of 3.4 mM chromogenk; 

synthetk: substrate (Boc-Leu-Gty-Arg-pNA), 1 .0 ml of 0.8 M magnesium sulfate and 0.5 ml of aprotinin aqueous solution 
(240 mg/mt). The mixture was lyophilized to obtain a reagent for Et assay of the present invention. Also, a comparative 
reagent was prepared in the same manner except that 0.5 ml of DW was used in place of the aprotinin aqueous solutbn. 
Each of the thus obtained lyophilized preparations was dissolved in 5.0 ml of 0.2 M Tris-HCI buffer (pH 8.0). To 0.1 ml 

55 of each of the resulting solutions was added 0.1 ml of DW (blank). Et or p-glucan as a sample. Further, 0.05 ml each 
of Et and p-gtucan both having two-fold concentration were added as another sample. Each of these mixtures was 
allowed to react in the same manner as described in Example 1 -1 ) to evaluate reactivity of the reagent of the present 
invention. The results are shown in Table 6. 
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Table 6 





Reactivity (AAs45 nm/30 min) 


Sample 


Invention 


Comparison 


Ef 


0.669 


0.697 


P-Glucan** 


0.000 


>1.5 


Et -1- p-glucan 


0.669 


>1.5 



* Etoonoentration : 4.0 P9A>.1 ml sample 
p-glucan oonoentration: 40.0 ng/0.1 ml sample 



From the results, it is evident that Et assay can be effected by using a reagent prepared by lyophilizing a mixture 
containing a lysate reagent, a synthetic substrate and aprotinin without influence of p-glucan. 

EXAMPLE 7 

Et assay in which aprotinin is added in advance to samples 

DW (blank), Et, p-glucan and a mixture of the same volume of Et and p-glucan both having two-fold concentration 
were prepared as samples to be tested. To 0.05 ml of each of these samples were added 0.05 ml of aprotinin aqueous 
solution (100 mg/ml) and then 0.1 ml of "Toxicolor System LS-200 Set" which had been dissolved in 2.8 ml of 0.2 M 
Trts-HCI buffer (pH 8.0). Thereafter, each of the thus prepared mixtures was allowed to react in the same manner as 
described in Example 1 -1 ). The same procedure was repeated except that the same volume of DW was used in place 
of the aprotinin aqueous solution in order to compare their reactivities. The results are shown in Table 7. 



Table 7 





Reactivity {AA^ nm/30 min) 


Sample 


Aprotinin added 


Aprotinin not added 


Et* 


0.883 


0.928 


p-Glucan** 


0.000 


>1.5 


Et + p-glucan 


0.885 


>1.5 



* Et ooncentratien : 6.0 pg/O.OS ml sample 

** P^glucan ooncentration: 30.0 ngA).05 ml sample 



From the results, it is evident that Et assay can be effected by adding aprotinin in advance to samples without 
influence of p-glucan. 

40 EXAMPLE 8 

Et assay in which a sample is added to a lysate reagent and immediately thereafter aprotinin is added thereto 

One vial portion of "Pyrotel" (a lyophilized preparation of a lysate reagent prepared from L polyphemus for a 
gelation method use, manufactured by Capecod and available from Seikagaku Corporation) was dissolved in 5.0 ml 
of DW. The thus prepared solution was dispensed into test tubes in 0.1 ml portions under ice-cooling and 0.05 ml of 
DW (blank). Et or p-gtucan was added thereto as a sample. Immediately thereafter. 0.05 ml of an aprotinin aqueous 
solution (110 mg/ml) was added to the respective test tubes. After gentle mixing, each of these mixtures was incubated 
statically at 37**C for 60 minutes to judge the presence of gel formation in the same manner as described in Example 
5. The same procedure was repeated except that the same volume of DW was used in place of the aprotinin aqueous 
solution in order to compare their reactivities. The results are shown in Table 8. 



Table 8 





Reactivity 


Sample 


Aprotinin added 


Aprotinin not added 


DW (blank) 
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Table 8 (continued) 





Reactivity 


Sample 


Aprotinin added 


Aprotinin not added 


Et* 

p-Glucan** 


+ 


+ 
+ 



* Et concentration : 2.0 pg/0.05 ml sample 

"* p-gtucan concentration: 20.0 ngA).05 ml sample 



From the results, it is evident that Et assay can be effected by adding samples tea lysate reagent and immediately 
thereafter adding aprotinin thereto without influence of p-glucan. 

EXAMPLE 9 

Et assay in which aprotinin is added to serine protease-containing samples 

A 0.01 ml portion of DW or Et solution (400 pg/ml) was added to 0.01 ml of a 1 00 \ig/m\ solution of trypsin (derived 
from bovine pancreas, manufactured by Miles Laboratories and available from Seikagaku Corporation) or DW, and 
0.08 ml of an aprotinin aqueous solution (5.0 mg/mt) was added thereto followed by mixing. Each of the thus prepared 
mixtures was further mixed with 0. 1 ml of a limulus test reagent for Et-specific chromogenic synthetic substrate method 
use (Endospecy, available from Seikagaku Corporation) and subjected to the same reaction as described in Example 
1-1 ) to determine recovery of Et added to the trypsin sample. The same procedure was repeated except that 0.08 ml 
of DW was used in place of the aprotinin aqueous solutkxi. The results are shown in Table 9. 



Table 9 



Sample 


Additbn of aprotinin 


Et added (A545 nm) 


Et not added (A545 


AA545 nm 


Recovery of Et (%) 




to samples 




nm) 






DW 


yes 


0.729 


0.070 


0.659 


100 


Trypsin 


yes 


0.743 


0.095 


0.648 


98.3 


DW 


no 


0.701 


0.031 


0.670 


100 


Trypsin 


no 


>1.5 


>1.5 







3S As is evident from the results shown in Table 9, Et in a trypsin-contalning sample can be assayed accurately by a 

limulus test by adding aprotinin to the trypsin-containing sample in advance. 

EXAMPLE 10 

40 Et assay of serine protease-containing samples in which aprotinin is added to a lysate reagent 

A 0.08 ml portion of an aprotinin aqueous solution (8 mg/ml) was added to 0. 1 ml of Toxicolor System LS-200 Set 
followed by mixing. To this was added 0.02 ml of a solution prepared by mixing a 10 units/ml solution of thrombin 
(derived from bovine serum, available from Sigma) or DW with the same volume of Et solution (400 pg/knl). Each of 
4S the thus prepared mixtures was subjected to the same reaction as described in Example 1-1 ) to determine recovery 
of Et added to the thrombin sample. The same procedure was repeated except that 0.08 ml of DW was used in place 
of the aprotinin aqueous solution. The results are shown in Table 10. 



Table 10 



Sample 


Addition of 


Et added (A545 nm) 


Et not added (A545 


AA545 nm 


Recovery of Et (%) 




aprotinin to lysate 




nm) 








reagent 










DW 


yes 


0.718 


0.068 


0.650 


100 


Thrombin 


yes 


0.764 


0.116 


0.648 


99.7 


DW 


no 


0.693 


0.028 


0.665 


100 


Thrombin 


no 


>1.5 


>1.5 
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As is evident from the results shown in Table 10, Et in a thrombin-containing sample can be assayed accurately 
by adding aprotinin to a limulus test reagent. 

EXAMPLE 11 

Et assay in which serine protease^containing samples are p retreated with an aprotinin-imnfK)lized insoluble carrier prior 
to limulus test 



10 



IS 



20 



A 10 ml portion of a 200 ^g/ml solution of trypsin (derived from swine pancreas, manufactured by Sigma) was 
applied to a column (1 .2 x 4.0 cm) packed with Et-f ree aprotinin-immobilized cellulofine (prepared by the method de- 
scribed below) which had been equilibrated with 0.1 M Tris-HCI buffer (plH 8.0) containing 0.15 M NaCI. The column 
was then washed with 0. 1 M Tris-HCI buffer (pH 8.0) containing 0. 1 5 M NaCI. and fractions passed through the column 
were pooled. To 0.1 ml of the pooled fraction or 0.1 ml of DW was added 0.01 ml of an Et solution (400 pg^l) and 
subsequently 0. 1 ml of Endospecy. The resulting mixture was allowed to react in the same manner as in Example 1 -1 ) 
to determine recovery of Et in the fraction. The same procedure was repeated except that 0.01 ml of DW or an Et 
solution and subsequently 0.1 ml of Endospecy were added to 0.1 ml of untreated trypsin solution. The results are 
shown In Table 1 1 . 

Table 11 



Sample 


Et added (A545 nm) 


Et not added (A545 nm) 


AA545 nm 


Recovery of Et (%) 


DW 


0.709 


0.032 


0.677 


100 


Passed-th rough fraction 


0.710 


0.034 


0.676 


99.9 


Untreated trypsin 


>1.5 


>1.5 







30 



3S 



40 



4S 



SO 



55 



As is evident from the results shown in Table 11 , Et in a trypsin-containing sample can be assayed accurately by 
limulus test when trypsin is allowed to contact in advance with an aprotinin-inrunobilized insoluble carrier. 

Preparation of aprotinin-immobilized Cellulofine 

A 10 g portion of Formyl-Cellulofine (manufactured by Chisso and available from Seikagaku Corporation) was 
washed thoroughly with 0.1 M phosphate-Na buffer (pH 7. 1 ). suspended in 20 m! of an aprotinin solution (20 mg/ml in 
0.1 M phosphate-Na buffer, pH 7.1). Fifty mg of NaCNBH3 was added to tlie suspension. After gently stirring at room 
temperature for 8 hours, the suspension was washed with 0.2 M Tris-HCI buffer (pH 7.0) and filtered. Five ml of the 
above buffer containing 1 0 mg of NaCNBH3 was added to the resulting residue followed by shaking at room temperature 
for 3 hours. Thereafter, the thus obtained suspension was washed thoroughly with 0.1 M Tris-HCI buffer (pH 6.0) 
containing 0.15 M NaCI. 

EXAMPLE 12 

The procedure of Example 2 was repeated except for using as a sample 0.1 ml of platelet rich plasma obtained 
from a patient who was suspected to suffer from complicated sepsis which was treated with perchloric acid according 
to the method described in U.S. Patent 4,495.294 and then neutralized. The sample was also cultured according to 
the usual method to detect microbial infection. As a result, a number of E. 00// colonies were detected in conformity 
with the quantitative reactivity of Et. 

Also, effectiveness of the reagent or method of the present invention was confirmed when the same sample was 
tested in accordance with the procedures of Examples 3 to 8. 

Thus, the reagent for Et assay can be prepared by such a simple and economical manner that a lysate reagent is 
combined with aprotinin. It is especially useful for assaying clinical samples from patients who are suspected to suffer 
from infectious diseases or sepsis, which are not proved to contain endotoxin, and it can accurately judge true Gram 
negative bacterial infection (endotoxemla). In addition, the present invention is also advantageous in that endotoxin 
contained in various serine protease-containing samples can be assayed easily and accurately, whereas such samples 
cannot be assayed by the conventional limulus test or need to be subjected to complicated pretreatment because 
serine proteases strongly interfere the limulus reaction. 

While the invention has been described in detail and with reference to specific examples thereof, it will be apparent 
to one skilled in the art that various changes and nrxxiificatbns can be made therein without departing from the scope 
thereof. 
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Claims 

1. A reagent for endotoxin assay which comprises a limulus amebocyte lysate reagent and aprotintn. 

s 2. The reagent for endotoxin assay according to claim 1 , wherein said aprotintn is contained in an amount effective 
for inhibiting activation of factor G existing in said limulus amebocyte lysate reagent. 

3. A kit for endotoxin assay which comprises a limulus amebocyte lysate reagent and a reagent containing aprotinln. 
10 4. The kit according to claim 3, wherein said reagent containing aprotinin further contains a buffer agent. 

5. A method for assaying endotoxin in a sample using a limulus amebocyte lysate reagent, wherein aprotinin is added 
to said limulus amebocyte lysate reagent and/or the sample. 

IS 6. The method for assaying endotoxin according to claim 5, wherein aprotinin is added to said limulus amebocyte 
lysate reagent in an amount effective for inhibiting activation of factor G existing in the limulus amebocyte lysate 
reagent. 

7. The method for assaying endotoxin according to claim 5, wherein said sample contains a serine protease, and 
so aprotinin is added to said limutus amebocyte lysate reagent and/or the sample in an amount effective for inhibiting 

said serine protease in the sample. 

8. The method for assaying endotoxin according to claim 5. wherein aprotinin is used in an amount effective for 
inhibiting activatk^n of factor G existing in the limulus ametxxyte lysate reagent and inhibiting a serine protease 

25 existing in the sample. 

9. A method for assaying endotoxin in a sample using a limulus amebocyte lysate reagent, wherein factor G is re- 
moved from or inactivated in the limulus amebocyte lysate reagent and aprotinin is added to the sample containing 
a serine protease in an amount effective to inhibit said serine protease. 

30 

1 0. A method for assaying endotoxin in a serine protease-containing sample using a limulus amebocyte lysate reagent, 
wherein the sample is allowed to contact with an aprotinin-immobilized insoluble carrier in advance of the assay 

11. A method for assaying endotoxin according to claim 10, wherein the limulus amebocyte lysate reagent contains 
35 aprotinin in an amount effective for inhibiting activatkxi of factor G existing In the limulus amebocyte lysate reagent. 

1 2. A method for inhibiting activation of factor G existing in a limulus amebocyte lysate reagent which comprises adding 
aprotinin to the limulus amebocyte lysate reagent. 

40 13. The use of aprotinin in endotoxin assay using a limulus amebocyte lysate reagent. 
PatentansprQche 

45 1. Reagens fur einen Endotoxin-Assay. welches ein Limulus-Amobozytentysat-Reagens und Aprotinin umfalM. 

2. Reagens fur einen Endotoxin-Assay gemaB Anspruch 1 , worin das Aprotinin in einer Menge enthalten ist, die 
wirksam ist zur inhibierung der Aktivierung von Faktor G. der im Limulus-Amdbozytenlysat-Reagens vorliegt. 

so 3. Kit fur einen Endotoxin-Assay, welches ein Limulus-Amobozytenlysat-Reagens und ein Aprotfnin-haltiges Rea- 
gens umfaBt. 

4. Kit gemaB Anspruch 3, worin das Aprotinin-hattige Reagens zusatzlich ein Puffermittel enthalt. 

55 5. Verfahren zum Nachweis von Endotoxin in einer Probe unter Verwendung eines Limulus-Amobozytenlysats-Rea- 
gens. worin Aprotinin zum Limulus- Amobozytentysat-Reagens und/oder der Probe hinzugegeben wrrd. 

6. Verfahren zum Nachweis von Endotoxin gema3 Anspruch 5. worin Aprotinin zum Limulus-Amdbozytenlysat-Rea- 
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gens in einer Menge hinzugegeben wird, die zur Inhibierung der Aktivierung von Faktor G wirksam ist. der im 
Limulus-Amobozytenlysat-Reagens vorliegt. 

7. Verfahren zum Nachweis von Endotoxin gemaQ Anspruch 5, worin die Probe eine Serlnprotease entlialt und Apro- 
6 tinin zum Limulus-Amobozytenlysat-Reagens und/oder der Probe in einer Menge hinzugegeben wird, die zur In- 

hiibierung der Serinprotease in der Probe wirksann ist. 

8. Verfahren zum Nachweis von Endotoxin gemaG Anspruch 5. worin Aprotinin in einer Menge verwendet wird, die 
zur Inhibierung der Aktivierung von Faktor G. der im Limulus-Amdbozytenlysat-Reagens vorliegt. und zur Inhibie- 

^0 rung einer In der Porbe vorliegenden Serinprotease wirksam ist. 

9. Verfahren zum Nachweis von Endotoxin in einer Probe unter Verwendung eines Limulus-Amobozytenlysat-Rea- 
gens, worin Faktor G aus dem Limulus-Amobozytenlysat-Reagens entfernt oder darin inakliviert wird und Aprotinin 
zur Probe, die eine Serinprotease enthalt, in einer Menge hinzugegeben wird, die zur Inhibierung der Serinprotease 
wirksam ist. 

10. Verfahren zum Nachweis von Endotoxin in einer Serinprotease-haltigen Probe unter Venyendung eines Limulus- 
Amdbozytenlysat-Reagens, worin die Probe vor dem Nachweis mit einem AprotininHmmobilisierten unldslichen 
Trager in Kontakt gebracht wird. 

20 

1 1 . Verfahren zum Nachweis von Endotoxin genr^aB Anspruch 1 0, worin das Limulus-Amdbozytenlysat-Reagens Apro- 
tinin in einer Menge enthatt. die zur Inhibierung der Aktivierung von Faktor G wirksam ist, der im Limulus-Anndbo- 
zytentysat-Reagens vortiegt. 

2S 1 2. Verfahren zur Inhibierung der Aktivierung von Faktor G, der in einem Limulus-Amobozytenlysat-Reagens voriiegt, 
welches die zugabe von Aprotinin zum Limulus-Amobozytenlysat-Reagens umfaBt. 

13. Verwendung von Aprotinin in einem Endotoxin-Assay unter Verwendung eines Limulus-Amdbozytenlysat-Rea- 
gens. 

30 

Revendlcatfone 

1. Rdactif pour essai k I'endotoxine qui comprend un r^actif lysat amdbocyte limulus et de I'aprotinine. 

2. R^actif pour essai ^ I'endotoxine selon la revendication 1 , caractdris6 en ce que ladite aprotinine est contenue en 
une quantity efTicace pour inhiber I'activatkin du facteur G existant dans ledit rdactif lysat amdbocyte limulus. 

3. Kit pour essai k Tendotoxine qui comprend un rdactif lysat am6bocyte limulus et un r^actif contenant de Taprotinine. 

40 

4. Kit selon ta revendication 3, caract^risd en ce que ledit rdactif contenant de t'aprotinine contient en outre un agent 

tampon. 

5. Procddd pour essai k I'endotoxine dans un dchantillon en utilisant un rdactif lysat amdbocyte limulus. caractdrisd 
^ en ce que Ton ajoute I'aprotinine audit rtoctif lysat am^bocyte limulus et/ou k I'^hantillon. 

6. Proc^dd pour essai k Tendotoxine selon la revendicatkxi 5. caract^risd en ce que I'on ajoute i'aprotinine audit 
rdactif lysat amdbocyte limulus selon une quantity efficace pour inhiber I'activatton du facteur G existant dans le 
rdactif lysat amdbocyte limulus. 

so 

7. Proc^dd pour essai k i'endotoxine selon (a revendication 5, caract6ris6 en ce que ledit dchantillon contenant une 
serine protease, et de I'aprotinine est ajout^e audit r^actif lysat am6bocyte limulus et/ou k l'6chantilk)n seton une 
quantity efficace pour inhiber ladite serine protease dans I'dchantillon. 

^ 8. Proc6d6 pour essai k I'endotoxine selon ta revendication 5, caract6ris6 en que I'on utilise I'aprotinine en une quan- 
tity efficace pour inhiber I'activatlon du facteur G existant dans le rdactif lysat amdbocyte et pour inhibition d'une 
serine protease existant dans I'^chantillon. 
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9. Proc^dS pour essai k Tendotoxtne dans un ^chantillon utilisant un r^actif tysat am^bocyte timulus, caract^risd en 
ce que le facteur G est dlimind du, ou inactive dans, te rdactif lysat am^bocyte limulus et on ajoute I'aprotintne k 
r^chantillon contenant une serine prottose en una quantity efficace pour inhiber ladite sdrine protdase. 

10. Proc6d6 pour essai k I'endotoxine dans un ^chantillon contenant une serine protease en utilisant un r^actif lysat 
am^bocyte limutus, caractdrisd en ce que Ton met I'dchantillon en contact avec un support insoluble d'une apro- 
tintne immobilisde prdalablement k Tessai. 

11. Proc^dd d'essai d'endotoxtne selon la revendication 10, caractdrisd en ce que le rdactif lysat am^bocyte limulus 
contlent de I'aprotinine en une quantity efficace pour inhiber I'activation du facteur G existant dans le rtoctif lysat 
amdbocyte limulus. 

12. Procddd pour I'inhibition de I'activation du facteur G existant dans le rdactif lysat amdbocyte limulus qui comprend 
I'addition d'aprotinine au rdactif lysat amdbocyte limulus. 

13. Utilisation d'aprotinine dans I'essai d I'endotoxine utilisant un rdactif tysat amdbocyte limulus. 
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